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Tevatron Upgrade

Main Injector

FERMILAR'S ACCELERATOR CHAIN

e New injection stage for

MAIN INJECTOR

Tevatron — {ecvere N
e Ability to accelerate and - \ .
deliver higher intensity e
of protons S==_"& m“
e More efficient p transfer g :;: -

e p recycler (new)
e Higher Collision rate: 396ns (36x36 bunches)
= 5-10 Higher Luminosity than run 1

e Higher C.M. Energy: 1.8 = 1.96 TeV
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Luminosity

Collider Run Il Peak Luminosity

BO0E+31 z BO0E+3

Tevatron Performance

e typical luminosity:
4.5 -10%°lcm—2%s!

e record luminosity: . . il
6.1 -10cm 257! b 0" 1 ..
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e at the end Of Januaryv [+ Poak Luminasity_» Poak Lum 20X Avarage]
370 pb~! delivered, 290 pb~! recorded

e efficiency in the high 80%’s, dead time < 5%

e analyses use different amounts of luminosity,
mostly depending on when they were performed.
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The CDF |1l Detector

Inherited from Run I:

Muon Detectors

Muon Detectors _—

e Central Calor. (|n| < 1)
e Solenoid (1.4 T)

Partially new:

e Muon System
(extended to |n| < 2)

Completely new:

e 3D Silicon Tracker (|n| < 2)

e Faster Drift Chamber

e Plug and Forward Calorimeters, Time Of Flight

e Trigger System (trigger on displaced vertices)
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Drift Chamber Aging

e apparent aging of the drift c
e clearly visible in all inner su
e fixes are In the works

namber observed

perlayers

— Increase gas flow by factor 10

— add CF4 to the gas

e fixes will take weeks to implement

e In the meantime, innermost 2 superlayers turned
off, gain reduced In the middle three

e even In this configuration,
good as DO’s

the tracker iIs still as
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Heavy Flavor Production

Accelerator

PEPII/KEK(ete™)

Tevatron (pp)

o (bd) 1 nb 100 ub
o(bb) : o(had) 0.26 0.001
0 0
Hadrons B, BT BA;,BB;}??,
Production Y(45) — BB : bbx
coherent incoherent
Environment clean messy
Boost 0.5 2-4
Event pile-up no yes
Trigger inclusive selective
Energy constraint yes no
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CDF Run |l B-triggers

e di-lepton triggers

e single lepton triggers

e nNew: displaced track triggers

e trigger B — ww, By — Dgw

e trigger on 2 displaced tracks
(pr > 2 GeV/c, 120 pm < |do| < 1 mm)

e challenge: read out SVX and
track at 10’s of kHz — SVT

d O =
Primar Xv_
Vertex” ™ e

do(+) Pt -

-

Events/0.4 MeV/c®

“P2>2GeVic; X5,; < 25

0= 47um

A

Includes
33 um
beamspot

600 —-400 -200

CDF Runll Preliminary

600

SVT d,, (um)

L=65 +4pb "

D’ Kt

N

= 451000 +1400

82 183 184 185 1.86 187 1.88 189 19

K Invariant Mass [GeV/cz]
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Heavy Flavor Cross Section

> 5.0 ————7———— e L e B e e e
[=] | — Fit to points i 3 ol + — E
2 Data/Theory = 2.9 + 0.2 + 0.4 r pp = B'+X, Vs=1.8 TeV, Iyl<t ]
% F (\\\J Fully Correlated Systematic Error - 103 | dashed: I‘LR=NF=/J'O=\/(m§+p?) .
o E solid: /2 < ug.tir < g E
Y | | <
T * E CTEQSM!
2.5 . E 2 N
| o107 m, = 4.75 GeV
i — D MR 450% D 28 85 & F dotted: Peterson, <, f(b~B)=0.375
- 0.352 < f, < 0.398 } - c = 0.008
----------- (CTEQ5—MRST)/MRST ] <
----------------------------------------- 1
e 10 0: CDF data
0.0 — B Theory: FONLL with N=2 fit
T 00 Lo L0 vy by
5 10 15 20 25 5 1§ 15 20 25
Pr (GeV)

P+ (GeV/c)

e long standing disagreement (x2) between measured Run |
B cross sections and NLO QCD predictions

e ongoing theoretical effort to incorporate
— Fixed Order (FO) exact NLO calc. for massive quark

— Resummation of log pr/m; with NLL accuracy
— Non-perturbative fragmentation functions extracted from

LEP and SLC data
resulted in greatly improved agreement with the data

|. K. Furi¢, B and Charm Results from CDF-Il, Mar 5, 2004



J /1 Inclusive Cross Section

CDF Run Il Preliminary CDF Run Il Preliminary
4000 ———m—Mm@———Fr——F+———+——7————— 17— __ 10°
L 299,800 * 800 Events i © F
L Luminosity = 39.7 pb! =
- Width = 24 MeV/c2 : e
30000 |- - =
B I ] =
> 1
= i >
520000 - . S
2 i 5
) L —_
' «©
I | <
10000 |- . =
- - \'/_
- o
K
o S
lllllllllllllll _c
2.70 2.90 3.10 > 3.30 3.50
M(up) Gevic p,(3/Y) GeV/c

o(pp — J/PX,|y| < 0.6) =
4.08 4 0.02(stat) )% (syst)ub

e first measurement down to pr(J/v) > 0GeV /c
e inclusive: direct J/v¢’s and B — J /v decays

e B hadron decays contribute 15 — 20%, displaced
e fit for proper time to extract B fraction
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B Hadron Cross Section

CDF Run Il Preliminary 5.0 < Pt(J/y) < 5 5 GeV/c

Ly (/)P () M) pm

do/dp(H,) . Br(H, - J/ X) . Br(J/y - uu) nb/(GeV/c)

CDF Run Il Preliminary

10*

100 §

do/dp:(J/¥) BR(H,~J/¥) BR(J/¥~>uu) (nb/GeV)
=

10!

o(py(3/¥)>1.25 GeV): 3
- Points: CDF, 19.933 nb  R\®Y
1072 = Solid: FONLL, 19.0°%4 nb

L Dashes: MC@NLO, 17.2 nb

20
p-(H,) GeV/c

1 1 1 1
5 10 15 20

e lifetime fit extracts B fraction in pr bins
o(pp — bX,|y| < 1.0) = 29.4 4 0.6(stat) +

FONLL: o(pp — bX, |y| < 1.0) = (27.57%',)ub

e largest syst. unc. due to J /v polarlzatlon

e good agreement between data and FONLL
prediction (hep-ph/0312132)

- 6.2(syst)ub
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B Hadron Lifetimes

- I L N R I B
B o 1.656+0.014 ps (B)(BY) H 1.073£0.014
B’ o 1.540£0.014 ps 1.03 - 1.07
. 1(B) (B M 0.949+0.038
B, | 1.461+0.057 pe ) e
No | f—o 1.229+0.080 ps T(A)(BY) . 0.798+0.052
= | . | 13953 ps 0.9-10
average | |, | 1.208+0,051 ps 7(b baryon) H 0.784£0.034
b-baryon 111 I 111 I 111 I 111 I 111 I 111 I 111 /T(Bo) 1 1 1 I 1 1 1 ‘ | 1 1 1 I 1 1 1 09 - 10
11 12 13 14 15 16 17 18 0.7 0.8 0.9 1 11 1.2
B Lifetime B Lifetime o )
Working Group T (ps) Working Group lifetimeratio
zzzzzzzz July 2002

HQET predicts:
Tp+ = Tpo ~ TRO > TAy > > Tpt

e A, lifetime lower than predictions
e BT, BY precision measurements at BaBar, Belle
o Bg and A only produced at Tevatron
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B? Meson Lifetime

CDF Run Il Preliminary L=138pb™ ,CDF Run Il Preliminary L=138pb™
o F 10 F
o oF Bs— o 12013 sig. ETE B o -+ data
S 80F candidates -
2 nf Fit prob: 27% 3 [ ]ct (sig)
S el 30 —ct (Bkgy)
s F 0
S sof = Mct (Bkg)
S sk + 2 Fit prob: 19.7%
g E+ % 10 5
S 30 , + + o
T L
I + + + 1L H ‘
100
0: L L L | ! ! ! ! | |

I 1 1 1 1
5.3 5.4 55
candidate mass, GeV/c

7(B?) = (1.33 £ 0.14(stat) £ 0.02(syst))ps

2

e B) —» J/vp, J/Yp —» ptu ¢ - KTK™

e combined mass and lifetime fit

e comparable to world best single measurement
e measurement will improve with more data
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Ay Lifetime

CDF Run Il Preliminary  65pb™*

E T T B T T l I. T T . T I T .I .I T g
CDF Run |1 Preliminary, L = 65 pb™ F Unbinned Likelihood Fit To Ag Lifetime
"""""""" o[ cT=374+78(stat)+29(syst)um T
60[-A, — WA . 10 . -
I 46+ 9 signal candidates signal region fit 7
50 T — background fit 7
10 3
~ = r ]

s © 5 | 4] NEN

> [=) 1

% * * % 10—+ 14 L —t E
% =0 l H L L ll 5 2 AB mass sideban 3
5 | i - ]
w i | | ! ! ! | |T 10° |
20 * * E 3
L F ]
10~ s 0E 3
ol 1y 1

5.40 5.50 5.60 5.70 5.80 E_L L I L

g Candidate Mass (GeVv/c?) -1000 (6] 1000 2000

J/Y cT um

7(B?) = (1.25 &+ 0.26(stat) £ 0.10(syst))ps

o Ay > J/YA, T/ — pTu~,A — pw

e first measurementusing exclusive A, reconstruction
e previous measurements used A v X

e statistics limited, will improve in the future
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Lifetime Results Overview

CDF [ps] PDG [ps]
BT (1.63 + 0.05(st) £ 0.04(sys) | 1.674 4+ 0.018
BY | 1.51 4 0.06(st) &+ 0.02(sys) | 1.542 &+ 0.016
B, | 1.33 &+ 0.14(st) & 0.02(sys) | 1.461 £ 0.057
Ap | 1.25 4 0.26(st) &= 0.10(sys) | 1.229 4 0.080
e high statistics (BT, B?) agree with PDG

e BY and A, getting competitive with world best
single measurements

e Main sources of systematic uncertainties:

— SVX detector alignment
— resolution function model

e all measurements are statistically limited
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B Hadron Masses

. 30(_ZDF Run Il Preliminary 80 ph™

Ezs B.— JIYo N(Bs)=71.848.2

CDF Run Il Preliminary 70 pb™
16; =
g B Ag- YA N(A,)=38% 7
o 14
> u
© 12:*
9 10F
c C
o 8
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w r
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A M gty

\ i ‘ LT
ol ] 0\0‘\0‘1‘ [} H \ m m ) H-H '0%

0 PNIPSON P
53 54 55 56 57 58 59
Ab candidate mass [GeV/c ]

o fully reconstructed B — J /1 X modes

e calibration: J/v¢¥ — upu

and ¢ (2S) — J/¢r.

e syst. unc. due to magnetic field, material

m(B")=(5280.30 + 0.9

2 + 0.96)MeV /c?

m(B1)=(5279.32 + 0.68 + 0.94)MeV /c?

m(B°)=(5365.50 + 1.2

9 + 0.94)MeV /c?

m(Ap)=(5620.4 £ 1.6 -

- 1.2)MeV /c?
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The X (3870) State ...

‘ 12000 ‘
i a) doto ] ] b) MC
300 [~ — -

8000 |— =
200 — m

Events/0.010 GeV

- 4 4000 — —
100 — —

o JM 0 J/
0.40 0.80 1.20 0.40 0.80 1.20

M@TTE'T) - M(I'T) (GeV) M@IT T - M('T) (GeV)

e IN Oct 2003, Belle announces the observation of a
narrow state decaying to J/¢m T~
(hep-ex/0309032)

e charmonium state? D°D9% molecule?

e confirmation and further studies needed
(~ 40 evts reported)
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.. Is confirmed

~200 pb™* ~ -1
60007CDI: 1] PR P SOOO*CDF 1 o0 200 pb
] 2200/ 1400
50007, 21001 2500 1300/ + +
1 | 4 1200/ 4\t T,
20001, ¢ 11001 +
19007 + + ++ 10001 4417
1800 t 90

O,
3.80 3.85 3.90 3.95 3.80 3.85 3.90 3.95

Candidates/ 5 MeV/c®
P B N
(@] (41! @]
(@] (@] @]
(@] (@] (@]

Candidates/ 5 MeV/c?
N W N
(@] (@] @]

(@] (@] @]
(@] (@] @]

1000+ 500-

o- : : : : : : o) : : : : : :
3.65 3.70 3.75 3.80 3.85 3.9023.95 4.00 3.65 3.70 3.75 3.80 3.85 3.9023.95 4.00
J/P1t Tt Mass (GeVv/cH) J/P1t 1T Mass (GeV/cH)

e with 220 pb~1 of data (~ 2M J /1)) CDF produced

first confirmation of the Belle observation
e observed 730 = 90 events

CDF: mx(3s70) = (3871.3 + 0.7 O.él)l\/.[eV/C2

Belle: m x (3870) = (3872.0 & 0.6 £ 0.5)MeV /c?
e future studies on the sample:

lifetime, angular analysis, M (7)
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Ap — A.m Branching Fraction

l CDF Run Il Preliminary (Luminosity 65 pb

_1)

— .
o~ , 96 + 13 A, - A, tcandidates
o X
S 120 g Four-prong B reflections
8 100 AN D N [PPSR Other B meson decays
g O (Y S Other A, decays
S 80F No — NeK
~— . . .
— P -=--=-----=. Combinatorial background
(2]
e
[
(3]
=>
L

7

mass (/A 1) (GeV/c 2)

BT(Ab — Acﬂ') — (6.02

® Mmeasure.

| CDF Il Preliminary |

"o 36128 A, - A, mcandidates
>
Q
V] ot Four-prong B reflections
N
o

-~~~ Other B meson decays
------- Other A, decays
A, - AK

------- Combinatorial background

L=195pb™

6 6.5 7
mass (A1) (GeVic™)

-1.0(st)+0.8(sys)+£2.1(Br))-10~3

Foaryon/fa X Br(Ay — Ac.n)/Br(B° — D—=n™)
e kinematically similar final states
e extract reflection shapes from Monte Carlo
e obtain normalization from fit to data
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B? — D_m Branching Fraction

CDF Run Il Preliminary, L =119 pb N CDF Run Il Preliminary, L = 119 pb ™ N ?DF Run Il Preliminary, L =119 pb ™
© 300 \B* = + o AN N o - N(BO) = 84 + 11
L 300F N = 1250 £ 41 | S 250 N(B)=1135 * 43 | g 50
2 250} CHEN: o |
= = = 200 = 40
S 200§ S Q 0
— i = 150} — I
8_150: 8 2 T
0 L (7)) (7)) r
£ 100 2 A0F 24
0 sl o sof e {0 10}
E\\\‘\\\‘\\\‘\\\‘\\\ E\\\‘\\\‘\\\‘\\\‘\\’\* 3::-\ ! ! | ! ! :.\w
96 48 50 52 54 56 96 48 50 52 54 56 0 5.0 55
D1 Mass [GeV/c] D1t Mass [GeV/c’] D" Mass [GeV/c‘]
- - - CDF Run Il Monte Carlo
e similar technique as Br(Ap) % msor
< 70F M B! - DK
: 0 mivi g oL oD
- B, - D, nt
e sample size for B, mixing =2 Bl
S S 50
- - O 40}
e measurement limited by 27
(0] C
_ - % ool
Br(D; — ¢m) uncertaintyg”
c C
] :
B’I"(B?—)DS 71') — © 0 50 55

Candidate Mass [GeV/c 2]
(4.8 + 1.2(st) £ 1.8(Br) £ 0.6(fs) + 0.8(syst)) - 10~
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Rare Decays: D° — putpu~

CDF Run Il Preliminary CDF Run Il Preliminary CDF Run Il Preliminary
= 0.05 3
E W Normalization mode: 2 c 2 0 \\%
1371 +53 D1’ 8 B 2 D - rch
in the mass search window S 004F o g 0 eventsin t rch window
fLdt=69pb™ £ B ) I e
CMU fiducial 5 T
" oos - \
0.02 f * \
: T N\
it ] H \H ‘
%MM SR T 0 k
(

e SMBr(D° — putu™) ~ 10_13
e non-SM physics may enhance the Br to ~ 10~°

e search for D* — D%, D — putu~

e main background from D® — & decays

e expect 1.8 = 0.7 bkgd events In search window

Br(D° — pup) < 2.4 x 107% @ 90% CL

about twice better than previous limit
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B),B° — ptpu~

e di-muon rare B trigger

e expected backgrounds:
Bg 1.05 = 0.30
BY: 1.07 + 0.31

e observed 1 event
Branching ratios (90% CL):
Br(B? — pp) < (5.8 x 1077)
Br(B° — pp) < (1.5 X 1077)

® B! limit factor 3 better
than previously published (CDF)

® limit on B is slightly better
than Belle’s

(]

entries / 20 MeV/c

expected limit BR(B,—> u'u’) x 10’

3

B® ST CDF i

s(d)
Z H H

B, search window
B, search window

171 pb™
48 5 52 54 56 58
M(p'w) [GeVic ]

| CDFIl Preliminary s :
L 90% CL Upper Limits

Extrapolations based on 110 pb™']
using I (w)1<0.6, P(B,)>6 GeV/c|

* this result with 171 pb™" 1

300
Runll Integrated Luminosity (pb™")
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CDF Preli

BT — oK™

minary 120 +7 pb'1

N CDF Preliminary 120 +7 pb'1

L L
> ol 22846

: + +
2B~ 90K » Data
.7 events — Fit
@sideband

o F B JWK®
% 70— 406 + 26 events

= 50—
o C
B -
© 40
° C
g
2 30%r
ETH
b4

e charmless B* decay BT — ¢ K™

e normalization BT — J /¢ K™ in two-track data
B’T’(B_l_ — ¢K+) —

(6.9 -

- 2.1(Sta,t) -

- 0.8(syst)) x 107°

e PDG 2002 value: (7.97%9) x 10~
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B Mixing and the Unitarity Trlangle

e both B; and B; mesons mix h—— 3
e ratio of mixing frequencies: D Wé %V
measures one side of the a,v&ﬂ_,% :
unitarity triangle (|Vza/ Vis|) b —— I —— s
—1 u,c. tf fu,c.t

e Indir. meas: Amg,; < 24 ps

S—t—WWVVV‘—t—%

@ overconstrain — test SM w*
““““““““““““““““ | Input for unitarity triangle fits:

nsn) ¢ C' P violation in K, B system
ol —t e B — wlvX vs B — DIvX
| “ o By, B, meson mixing

e SO B _... | e direct measurements of «, «
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B ) Mixing Measurement Ingredients

Per B meson decay,
e determine decay flavor [use flavor specific states]

e identify B meson production flavor [flavor tagging]
e Measure B proper decay time [ct resolution]

0.1

Time-dependant asymmetry: [B, miing &m, 05 s *

1 Bg mixing Am =20 ps

o
o
a

Nobs (t) Nobs (t)

Mixed Asymmetry
o

Amzw (t) — unmza: mix
N iw(t) + N5 () oo
— (217 — 1) cos(Am t) oqlDiutonoos

propér decay time, t [ps]

Oscillation amplitude: 2p — 1 = D [dilution]

S€D2 —(A'I’)’L2)O'(CT) \/ S

Significance = e
2 S+ B

|. K. Furi¢, B and Charm Results from CDF-Il, Mar 5, 2004

24



B? Mixing Reach Estimates

e Current performance: L

B -1 S/B—92:1 20 sensitivity
e S =1600/ , S/B=2: Am, = 15 ps-!
@) €D2 — 4%, O'(Ct) — 67 fs with 500 pb—l

e With “modest” improvements:
e S =2000/fb~', S/B=2:1
(improve trigger, more modes)
e eD? = 4%, o(ct) = 50 fs
(event by event prim vertex, Si on beampipe)
e 30 for Am, = 18 ps—! with 1.3 fb™!
e 50 for Amy; = 18 ps—! with 1.7 fb~1
e 50 for Am, = 24 ps~—! with 3.2 fb™!
e this is a difficult measurement
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B — hh

e goal: measure angles of the Unitarity Triangle
e angle v can be extracted from Bg — K K decays
e angle a can be extracted from B? — ww decays

L=65+4pb ™ ® Slgnal IS mIXture Of:

\ ﬁ """ COF Run 2 Prefiminary I B . K
e I

Z: } ++++ Width 0.041i0.oo4ee\//c22 Bs — K K

++++ _- Bg — K

o | +++++M%%/\\w,‘ 1 @ ToF does not help
TR (pr > 2GeV)

4.2 4.4 4.6 4.8 5 5.2 5.4 5.6 5.8 6
ni Mass (GeV/c?)

e disentangle using dE/dX (1.160) and kinematics
e measure BR’s first, extract angles later
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B — hh Results

Mode Yield
B — Kx | 148 £+ 17(stat) £ 17(syst)
B — v | 39 & 14(stat) & 17(syst)
B) - KK | 90 &+ 17(stat) & 17(syst)
B? —» K=n | 3 £ 11(stat) £ 17(syst)

Br(B° — ww)
Br(B° - Kr)
Br(B° —» KK)
Br(B? — K)

0.26 £ 0.11(stat) £ 0.06(syst)

= 3.71 £ 0.73(stat) & 0.35(fs) &= 0.06(syst)

N(B' K o) —-NB’-KT=x™) _
N(B—»K—nt)+ N(B'—»K+n—)

= 0.02 £ 0.15(stat) &= 0.02(syst)
BaBar measures Acp = —0.102 = 0.05 &= 0.02

Acp
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Conclusions

e hew B cross section, precision heavy hadron
masses, lifetimes and branching ratios measurements
from CDF

e confirmation of Belle’s X(3870)

e best limits on D° — pu and BY — pp decays

e hadronic B trigger provides wealth of B and D
decays

e results obtained with 33-80% of available data

e expected improvements:

— Improved Sl standalone tracking
— use of Layer 00
— event by event primary vertex determination
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